Abstract. It remains controversial whether inhaled corticosteroid (ICS) should be used in patients with intermittent asthma. The present study aimed to assess the effect of ICS compared with placebo or other therapies in patients with intermittent asthma. Medline, Embase and CNKI databases were searched up to June 2016 and a meta-analysis was conducted. The findings demonstrated that in adult patients, when compared with placebo, ICS increased forced expiratory volume in 1 sec FEV1 [standardized mean difference (SMD), 0.51; 95% confidence interval (CI), 0.22-0.80] and alleviated airway hyper-responsiveness, which was indicated as log transformed PC20FEV1 (concentrations of methacholine when there was a fall in FEV1 ≥20%; SMD, 0.87; 95% CI, 0.60 to 1.14). ICS also reduced fractional exhaled nitric oxide (FeNO) levels [weighted mean difference (WMD), -12.57 parts per billion (ppb; a unit of NO concentration in exhaled air); 95% CI -15.88 to -9.25 ppb]. However, symptom scores did not change after ICS treatment (SMD, -0.26; 95% CI, -0.52 to 0). When compared with leukotriene receptor antagonists (LTRA), ICS had no advantage in increasing FEV1 (WMD, 0.04 l; 95% CI, -0.06 to 0.13 l), reducing sputum eosinophil percentage (WMD, -6%; 95% CI, -12.38 to 0.38%) or symptom scores (SMD, 0.44; 95% CI, -0.02 to 0.9). However, in child patients, ICS significantly (P<0.05) increased the possibility of symptom control when compared with placebo [relative risk (RR), 8; 95% CI, 1.04 to 61.52] or LTRA (RR, 2.67; 95% CI, 0.39 to 18.42). In conclusion, ICS improves lung function and alleviates airway hyper-responsiveness and airway inflammation but cannot influence symptom scores, and has no advantage over LTRA in terms of lung function improvement and airway inflammation control in adult patients with mild intermittent asthma. However, in children, the benefit of ICS in symptom control is more significant than with LTRA.
Introduction
Asthma is a common, chronic heterogeneous respiratory disease affecting 1-18% of the population worldwide; in China it has a prevalence of 1.24% (1, 2) . Characterized by variable symptoms of wheezing, shortness of breath, chest tightness and/or cough, and by variable expiratory airflow limitation, asthma can be subdivided into four subcategories according to the severity of symptoms and airflow limitation, including mild intermittent, mild persistent, moderate persistent and severe persistent (2, 3) .
Although 50-75% of asthma patients are categorized as having mild asthma, few studies have focused on these subtypes, particularly mild intermittent asthma (4) . From the earliest to the latest guidelines, short acting β2-agonist (SABA) as required is the only treatment recommended for patients with mild intermittent asthma, which is mostly based on expert opinions (2, 5) . However, studies have shown that airway inflammation was also detected in patients with mild intermittent asthma, which may cause airway remodeling and disease progression (6, 7) . This lead us to theorize the benefits and risks of the most important controller medication to date, inhaled corticosteroid (ICS), in these patients.
Hence the present meta-analysis aimed to analyze the effects of ICS on lung function, airway hyper-responsiveness (AHR), symptom control, airway inflammation and adverse effects in patients with mild intermittent asthma.
Materials and methods
Study selection criteria. Our inclusion criteria for considering studies for this review were as follows: i) Randomized controlled trials (RCT); ii) studies assessing patients with intermittent asthma that may be defined as using SABA Inhaled corticosteroids improve lung function, airway hyper-responsiveness and airway inflammation but not symptom control in patients with mild intermittent asthma: A meta-analysis WEI DU 1 only, few symptoms (daytime symptoms ≤2 times/week and nocturnal symptoms ≤2 times/month), forced expiratory volume in 1 sec (FEV1) predicted ≥80%, and peak expiratory flow (PEF) variability ≤20%. For studies only describing some of these criteria and not implying other types of asthma, three independent researchers discussed and came to an agreement whether this study should be included; iii) ICS as the intervention compared with placebo or other therapies or ICS in combination with other therapies vs. other therapies alone; and iv) outcomes of studies reflecting lung function, AHR, airway inflammation, symptom control or adverse effects of the drugs in patients with intermittent asthma.
Exclusion criteria.
We excluded studies that recruited mixed groups of participants (patients with mild intermittent and persistent asthma) and those that did not report the outcomes separately.
Search strategy and study selection. MEDLINE (https://www. ncbi.nlm.nih.gov/pubmed) and EMBASE (https://www.embase. com/) databases were initially searched from inception to June 2016 using the following terms: i) 'asthma' OR 'antiasthma' OR 'anti asthma' OR 'respiratory sounds' OR 'wheez' OR 'bronchial spasm' OR 'bronchospasm' OR ('bronch' AND 'spasm') OR 'bronchoconstrict' OR 'bronchoconstriction' OR ('bronch' AND 'constrict') OR ('bronchial hyperreactivity' AND 'respiratory hypersensitivity') OR ('bronchial' OR 'respiratory' OR 'airway' OR 'lung' AND ('hypersensitive' OR 'hyperreactiv' OR 'allerg' OR 'insufficiency') OR ('dust' OR 'mite' AND ('allerg' OR 'hypersensitiv'); ii) 'inhaled' AND 'corticosteroid' OR 'beclometasone' OR 'budesonide' OR 'ciclesonide' OR 'fluticasone' OR 'mometasone' OR 'triamcinolone' OR 'ics'; and iii) 'mild' OR 'intermittent' OR 'infrequent'; iv) combination of points i, ii and iii mentioned above; iv) combination of point iv mentioned above and 'randomized controlled trial'.
China National Knowledge Internet (CKNI) database was also searched from inception to June 2016 using Chinese terms matched to the English terms outlined. Abstracts of citations resulting from this search were imported into a bibliographic database and hand-searched by two reviewers for duplicate publications, which were removed. Citations were initially excluded if it was clear that the study: i) Was not concerned with the treatment of chronic mild asthma in humans; ii) was not an RCT or iii) did not include a treatment arm with ICS.
Where uncertainty existed, the full text version of the publication was retrieved, and more detailed checks were conducted against our eligibility criteria. A third researcher evaluated the decision of inclusion or exclusion in discussion with the two reviewers. We also manually searched through the systematic reviews for any other articles that may be potentially suitable.
Study characteristics and data extraction. We used preformatted tables to record study design and participant characteristics, description of mild intermittent asthma, pharmacological agent (dose, device and frequency), and duration of follow-up. Two reviewers independently extracted data on relevant outcomes, including FEV1, forced vital capacity (FEV1/FVC), the concentration of methacholine when there was a fall in FEV1 ≥20% (PC20 FEV1), fractional exhaled nitric oxide (FeNO), number or percentage of sputum eosinophil and drug-related adverse effects. If an intention-to-treat analysis was not used by the researchers, and it was not shown in the results how many participants were in each group at the time of the final evaluation of that outcome, the number of patients in each group was calculated by subtracting the number of patients who discontinued or were lost to follow-up from those randomized to each group. Any discrepancies were resolved through the involvement of a third reviewer after rechecking the source papers.
Assessment of risk of bias. Two reviewers independently assessed the methodological quality of the included studies. The risk of bias was evaluated using the Jadad scale of 0-5 (8) . Funnel plots were used to assess publication bias and sensitivity analyses were conducted using the highest quality studies (Jadad score ≥3).
Statistical analysis.
A pooled treatment effect across trials was calculated using RevMan 5.1.6 (Cochrane, UK). For continuous outcomes, a weighted mean difference (WMD) or standardized mean difference (SMD) was calculated, as appropriate. For dichotomous outcomes, a relative risk (RR) was calculated. Pooled treatments effects were expressed with their 95% confidence intervals (95% CI). Heterogeneity of effect size across pooled studies was calculated. P<0.05 was considered to indicate a statistically significant difference.
Statistical heterogeneity was assessed using the I 2 statistic with I 2 >50% indicating a substantial level of heterogeneity. In accordance with the recommendations of the Cochrane Handbook, we derived any standard deviations from 95% CIs or P-values (8) . Measures of AHR, such as the provocative concentration of challenge substance required to produce 20% fall in FEV1 (PC20 FEV1) was often reported as geometric means, and data for such outcomes was pooled after the data was log transformed.
Sensitivity analyses were performed on the basis of methodological quality. Results were re-analyzed using studies of only the highest quality (Jadad scores [3] [4] [5] . Subgroup analyses based on ICS treatment duration and patient age (children or adults) were conducted.
Results

Study characteristics and search results.
In total, 838 potentially relevant articles were screened and 16 studies were included in this systemic review. The process of study selection is shown in Fig. 1 . Of all the included studies, only one study (9) was conducted in children and the remaining 15 studies were conducted in adults (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) . At the time of enrollment, the patients of the majority of studies were not treated with corticosteroids regularly. The ICS used in these studies included budesonide (BUD; 7 studies), fluticasone propionate (FP; 5 studies), and beclometasone dipropionate (BDP; 4 studies). The characteristics of studies are shown in Table I .
Study validity. Validity assessment of the studies is shown in Table II . The majority of studies had Jadad scores of ≥3, with 3 studies exhibiting scores <3. Similar results were observed after the exclusion of low quality trials (Jadad scores <3). Funnel plot analysis demonstrated that there may be publication bias in studies assessing FEV1 change, although this type of bias may exist in studies assessing other measurements due to the low number of studies (data not shown).
Lung function FEV1
. A significant improvement in FEV1 was noted after 3-6 months of ICS treatment vs. placebo (3 studies; SMD, 0.45; 95% CI, 0.20 to 0.71; I 2 =0%; Fig. 2A ) (14, 16, 22) . Consistent with the results observed after 3-6 months of treatment, after 1 year of treatment, a further improvement in FEV1 was noted in the ICS groups as compared with placebo (2 studies; SMD, 0.86; 95% CI, 0.34 to 1.39; I 2 =15%; Fig. 2A ) (11, 17) . The overall effect of ICS on FEV1 change was also significant when compared with the effect of placebo (8 studies; SMD, 0.51; 95% CI, 0.22 to 0.80; I 2 =49%; Fig. 2A ) (10, 11, (13) (14) (15) (16) (17) 22) .
When compared with leukotriene receptor antagonists (LTRA), more than 2 months ICS treatment had no advantage on FEV1 improvement (19,23) (2 studies; WMD, 0.04l; 95% CI, -0.06 to 0.13; I 2 =0%; Fig. 2B ). All data were collected from adults, no studies measured FEV1 change or other lung function measurements in children.
PEF variability. A decrease of PEF variability was observed after 1 month of treatment with ICS compared with placebo (10,21) (2 studies; WMD, -2.54%; 95% CI -4.99 to -0.08%; I 2 =32%; Fig. 3A ). After 6 months of treatment, a further reduction of PEF variability was noted (22) (1 study; WMD, -4.57%; 95% CI, -4.92 to -4.22%). The overall effect of ICS treatment vs. placebo was also significant in PEF variability (10,21,22) (3 studies; WMD, -3.58%; 95% CI, -5.75 to -1.41%; I 2 =78%; Fig. 3A ). Substantial heterogeneity (I 2 =78%) in this meta-analysis may be explained by the small sample size of all 3 studies and the lower methodological quality of the study conducted by Stanković et al (22) .
FEV1/FVC. Apparent change of FEV1/FVC could be seen after 6 months of treatment, while 1 year of treatment made no further difference (6 months, 1 study; WMD, 2.7%; 95% CI, 0.99 to 4.41% vs. 1 year, 1 study; WMD, -0.2%; 95% CI, -2.86 to 2.46%; Fig. 3B ) (11, 22) . The overall effect was not significant (2 studies; WMD, 1.44%; 95% CI, -1.38 to 4.26; I 2 =69%; Fig. 3B ). The heterogeneity (I 2 =69%) of the meta-analysis may derive from the inappropriate trial design of the study by Stanković et al (22) , and the different population of patients may also have caused heterogeneity. Fig. 4) , and the overall improvement effect of ICS on AHR was also significant when compared with the placebo (7 studies; SMD, 0.87; 95% CI, 0.60 to 1.14; I 2 =3%; Fig. 4 ). All results were from adults as there was no AHR outcome assessed in the study investigating children.
AHR.
Airway inflammation Sputum eosinophils. Notably, 1 month of ICS treatment reduced the sputum eosinophil percentage compared with placebo, whereas 1-year treatment could not (10, 11, 21) (1 month, 2 studies; WMD, -3.64%; 95% CI, -6.29 to -1.00%, I 2 = 0% vs. 1 year, 1 study; WMD, -0.7%; 95% CI, -1.91 to 0.51%; Fig. 5A ). It was shown in one study that single dose ICS could not change it (20) . Overall analysis showed no significant sputum eosinophil percentage change with ICS treatment vs. placebo (3 studies; WMD, -2.07%; 95% CI, -4.52 to 0.37%; I 2 =56%; Fig. 5A ). The heterogeneity (I 2 =56%) of this meta-analysis may be associated with the distinct treatment duration of the 3 studies and the small sample size of these studies.
Only one study compared the influence of ICS on sputum eosinophil percentage with LTRA, and showed that ICS decreased sputum eosinophil percentage with no statistical significance (23) (WMD, -6%; 95% CI, -12.38 to 0.38%). All results of airway inflammation were from adults, and there was no related outcomes in the study evaluating children. Fig. 5B ).
FeNO. ICS treatment within 1 month reduced
Symptom control. When the duration of ICS treatment was no more than 1 month, the effect of ICS on symptom control (indicated as symptom score change) was not significant compared with placebo (10,13) (2 studies; SMD, -0.29; 95% CI, -0.79 to 0.22; I 2 =11%; Fig. 6A ). Similarly, after 2-6 months or 1 year of treatment the effect of ICS on symptom control was not significant [2-6 months, 3 studies (16, 22, 24) ; SMD, -0.25; 95% CI, -0.7 to 0.2; I 2 =52%; and 1 year, one study (11) SMD, -0.49; 95% CI, -1.21 to 0.24; Fig. 6A ]. The overall effect of ICS on symptom score change was not significant (6 studies; SMD, -0.26; 95% CI, -0.52 to 0; I 2 =15%; Fig. 6A ). However, ICS was able to reduce the frequency of rescue inhaler use after Table I . Continued. 1-2 months of treatment when compared with placebo (10,24) (2 studies; SMD, -1.34; 95% CI, -1.92 to -0.76; I 2 =0%; Fig. 6B ). There was only one study (9) concerned with the symptom control of children with mild intermittent asthma, which indicated that 3 months of treatment with ICS significantly increased the number of children without asthma symptoms (RR, 8; 95% CI, 1.04 to 61.52) compared with placebo. When compared with LTRA, low dose ICS (3 months) was not found to significantly influence symptom control (23) (SMD, 0.44; 95% CI, -0.02 to 0.9) in adult patients; however, the number of children without asthma symptoms significantly increased over the same period of low dose ICS (9) (RR, 2.67; 95% CI, 0.39 to 18.42).
Other parameters. Some studies also assessed the safety of ICS in addition to its effectiveness. However, there was an insufficient number of related. Only one study assessed the effect of ICS on the hypothamo-pituitary-adrenocortical axis, in which Rüdiger et al (18) found that single low dose ICS did not influence this endocrine axis. Bousquet et al (12) also claimed that 3 weeks of high dose ICS did not increase the number of patients experiencing adverse events (RR, 1.00; 95% CI, 0.42 to 2.4). These studies indicate that ICS treatment may be safe over a short period, whereas the safety of long-term use in patients with mild intermittent asthma remains unclear.
Discussion
The present systemic review attempted to assess the effects of ICS compared with placebo or LTRA on lung function, AHR, airway inflammation, symptom control and its adverse effects in patients with mild intermittent asthma. The findings demonstrated that, compared with a placebo, ICS improved lung function and reduced AHR and airway inflammation in adult patients. However, symptom control was unchanged, and ICS had no advantage over LTRA for improving lung function and attenuating airway inflammation. In children with mild intermittent asthma, ICS had a positive effect on symptom control and was superior to LTRA in terms of symptom control.
Previous findings have revealed that ICS treatment results in improved lung function, diminished AHR, fewer symptoms of asthma and fewer episodes of uncontrolled asthma compared with as needed SABA alone (25) , and studies involving mild persistent asthma have indicated the necessity of ICS therapy in these patients (4) . However, studies associated with mild intermittent asthma are lacking, and, due to the potential long-term side effects of ICS (such as accelerated bone loss), experts still regard SABA as the first-line treatment for patients with intermittent asthma (2, 26) . A recent study focused on airway inflammation in mild intermittent steroid-naïve asthmatic patients found that many patients still exhibited persistent airway inflammation, which could result in airway remodeling (4, 7) , and nearly 6% of these patients required hospitalization or attended the emergency department annually (27) . The effect of ICS on bone mineral density seemed to be slight and thus remains controversial (28) . Therefore, at least in some patients with mild intermittent asthma, ICS should be considered.
The present results showed that a longer duration of ICS treatment induces a superior improvement in lung function and the alleviation of AHR; however, the effect of attenuated airway inflammation reduces as the treatment duration increases. A previous study focused on patients with mild persistent asthma, lung function and observed an improvement during the first year (29) , which was consistent with our study concerning patients with mild intermittent asthma. However, the improvement was decreased after 1 year in patients with persistent asthma (30) , and AHR was only found to be increasingly improved during the first 3 months in patients with mild persistent asthma (31); consistent with our study, AHR was increasingly improved during the first year, implying the effect of ICS on improvement of AHR is more durable in patients with intermittent asthma.
In our study, both sputum eosinophil percentages and FeNO levels were used as markers for airway inflammation, but the FeNO change was more obvious. In the majority of asthmatic patients, the correlation between sputum eosinophil and FeNO is well established, except in patients with severe asthma (32) , and the major site of synthesis of NO is airway epithelial cells (32) . Based on our results, we conclude that in patients with intermittent asthma, the airway epithelial cells are more sensitive to ICS treatment than eosinophils.
Side effects of ICS are always a concern. Short-term ICS use is believed to be safe (12, 18) ; however, longer treatment with high dose ICS may decrease bone mineral density and increase the risk of osteoporosis or fracture in patients with persistent asthma, but the effect of low dose ICS on bone mineral density and risk of osteoporosis or fracture was slight (28) . Dysphonia or oral candidiasis may also develop, but it could almost be prevented by rinsing the mouth after ICS use (33) . Therefore, low dose ICS may be safe for patients with mild asthma, including those with intermittent asthma.
There are a number of limitations to the present systemic review. Firstly, the treatment duration of all the studies included may not sufficient. This limitation prevents us from identifying more positive and negative effects of ICS on patients with mild intermittent and confuses the evaluation of the balance of ICS benefits and risks. Secondly, the number of included studies is too small, thus publication bias may exist, and the conclusion from the review may not be able to applicable to a larger population. Thirdly, some of the included studies were not high quality trials, which may result in an increased risk of bias. In conclusion, the present systemic review demonstrates that ICS may improve lung function, alleviate airway inflammation and AHR, but cannot ameliorate symptom control in adult patients with mild intermittent asthma, and has no advantage over LTRA on these effects. On the contrary, children with mild intermittent asthma treated with ICS seemingly have a better control of asthma symptoms vs. placebo or LTRA treatment. Our findings indicate that ICS may be an effective and safe therapy for patients with mild intermittent showing signs of progression or exacerbation, and LTRA should be an alternate choice for adult patients to improve lung function and reduce airway inflammation. As for child patients, ICS seems to be the superior choice to control symptoms, but should be used with caution, as the evidence remains insufficient.
